ABSTRACT
INTRODUCTION
The development of a modular, multiple output Standard Load Center Converter (SLCC) has been completed by NASA» s Marshall Space Flight Center. The SLCC was designed for use in a wide range of space applications and can be tailored to meet spe cific user requirements with minimum development cost and risks.
Development of the SLCC began with studies to identify potential applications, candidate circuitry, and packaging concepts. These studies determined the feasibility of standardization and resulted in trade studies and development activities leading to the present design. Follow-on packaging refinements, including the use of heat pipes for thermal control, has produced a flight qualified, efficient, lightweight power converter which was selected as NASA standard The plug-in modules contain the output regulator including the power switching elements and the asso ciated drive and control circuitry. Each output regula tor module is capable of up to 100 W of output power at a specified voltage level of 4 to 80 Vdc. All output modules are identical with the exception of the power transformer and a resistor divider network in the comparator and failure detection circuitry. These components are selected as a function of the output voltage level required.
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The output regulator design utilizes a dc-to-dc converter incorporating regenerative current feedback with a time-ratio controlled duty cycle to achieve high efficiency and tight regulation over wide variations in input voltage, output load, and temperature. Effi ciencies of a typical production unit are shown in Figure 2 . Although this compares favorably with the 50 percent efficiency of nonswitched mode multipleoutput converters and 60 to 70 percent for typical switched mode multiple output converters, design modifications are presently being made to improve these efficiencies by 4 percent on future production units. Diode CR1 is included to protect the circuit for the case when the magnetizing current may reverse direction during operation. Such reverse direction would be caused by start-up transients or during long duty cycle operation at reduced frequencies. If the magnetizing current is flowing in the reverse direction (toward capacitor Cl) when transistor QI is con ducting, diode CR1 provides a return path such that this current will discharge into capacitor Cl. Diode CR3 is provided to prevent ringing in the inductor-capacitor network formed by the magnetizing inductance (Lm) and capacitor Cl. This ringing would cause faulty triggering of the output power transistor Q3. Diode CR3 protects the network by preventing the capacitor voltage from going negative due to magnet izing current; a negative voltage would result in a current flow in the direction which provides base drive for transistor Q3.
Error Amplifier and Comparator
The error amplifier and comparator circuitry is shown in Figure 6 . Error amplifier U2 is operated in the inverting mode. The gain of U2 is determined by the ratio of the impedance of the feedback network, R5 and Cl, and the input resistor Rl which is selected as a function of the output voltage desired. This amplifier compares the reference voltage, conditioned by resis tors R3 and R4, with the regulator module output voltage, which is conditioned by resistor network Rl and R2, and provides an error feedback voltage. The error feedback voltage is applied to the comparator amplifier Ul which compares it with the primary cur rent in the power transformer, measured by current transformer CT1. When this current exceeds the error voltage, the comparator output goes low and provides the signal to the control logic to inhibit the drive to the inverter power transistors. 
MECHANICAL DESIGN
After design, fabrication, and testing of a devel opment unit, special efforts were directed toward reducing weight and volume of the SLCC Analytical work had already shown some over-design in the struc tural area and marginal design in the thermal area. The thermal analysis also showed that approximately 86 percent of the total thermal energy dissipated in a typical output regulator module comes from the output power semiconductors and output magnetics. It became evident that some other-than-usual scheme for heat transport was highly desirable -thus, heat pipe technology and application were explored, and ulti mately incorporated into the SLCC design. A brief discussion of heat pipe operation follows.
The basic heat-pipe structure ( Fig. 7) The wick returns the condensate through capillary pumping action. Evaporation, condensation, and pump ing of the liquid in a capillary wick are used to con tinuously transfer latent heat of varporization from one region to another without external aids. Furthermore, due to the heat pipe* s uniform construction, it does not matter which region is used for evaporation or condensation.
The process is essentially isothermal for mod erate lengths because the vapor pressure drop between the evaporator and condenser is small. With a properly designed heat pipe, the temperature gradient between the heat source and heat sink can be very low, espe cially when compared with solid-metal conduction methods. Conduction of the 0.64-cm (0.250-in.) diameter heat pipe used in the SLCC is about 20 times greater than that of a solid copper rod of the same size, yet weighs only about one-fourth as much.
Depending largely on the compatibility of mate rials employed, heat pipes are potentially very reliable devices. For the SLCC application, a heat pipe con structed of 300 series stainless-steel felt wicking structure, and methanol working fluid was selected. Heat pipes using this combination of materials have been successfully life tested for continuous periods of more than 22,000 h at 110°C.
The heat pipe extends from the top of the output regulator module down through the base and into a grooved boss in the mainframe adjacent to the mounting boss that is the primary thermal interface for the SLCC.
To reduce the thermal gradient at the interface, a quick-release pivoted clamping device ( Fig. 8) is provided in the mainframe to increase contact pressure between the heat pipe and mainframe chassis. The clamp is actuated by tightening the cam screw adjacent to the output regulator module mounting screw. To distribute forces more uniformly and preclude damage to the heat pipe, the heat-pipe clamp is faced with an elastomer. In the output regulator module, the two power diodes and output transistors are mounted on a grooved bracket ( Fig. 9 ) that serves as a saddle clamp for transferring thermal energy into the heat pipe. Clamp ing forces are provided by eight fasteners tying the semiconductors and mounting bracket securely to the module chassis and assuring a high-pressure thermal interface with the heat pipe. The chassis and mounting bracket grooves are sized to ensure an interference fit for the heat pipe. Clamping forces cause elastic 
